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(57) Th» invention relates to a method of loading 
Java Class/Ties on to a Java virtual Machkia On a reg- 
ular JVM the OassRIe are loaded as and when 
required. In this specification there is described a 
method of implementing an object oriented program 
language such as Java on a computer. The method 
compr^iderrtifving a daw. one of the basic building 
Wocta of the languaae, which is not wflhin the program 
fomaln. that is not loaded into the Java a TvwS 
Machine. Next it introduces to the program domain only 
the minimum components of the class which are neces- 
sary for commeneihg processing of the class. Thedass 
rnay^rprfee several blocks of data representing the 
methods of the class, since the class may only have 
been •dentJied because one of the methods within the 
ctass was referenced then only the block of data repre- 
sentag ths method is loaded into the Java Virtual 
Machine along with the other essential components of 

removed from the program domain to save memory. 



7 s 



Figure 1 



(0 



atk <EP_o99eosflA2j_> 

-v 



Primttby Xwm (UK) Bustosssuvlca* 



EP0996059A2 



Description 

[0001] This invention relates to a dass loading 
model tor an object orientated programming language. 

BACKGROUND 

[ooo2] The size and price of memory chips has 
decreased steadily since the advert of computers and 
as a consequence the storage capacity on a machine 
has increased considerably over time. Ten years ago 
64k bytes of RAM was the norm, now it is 64M bytes 
and In the next ten years It wil posstoly be 64Q bytes. 
This Increase In RAM memory storage on a computer 
has been followed H not lead by an increase on the 
demands on storage by larger memory intensive soft- 
ware applications. One solution introcfcjced by some 
operating systems to reduce the RAM memory required 
i8tousedynamtennWngofdassli>rarie8,*iatistoonly 

load fibrariee of classes when they are needed by an 
application. TKs allows the available RAM to be used 
more efficiently One problem with loading whole sets of 
classes is that more classes are loaded than are actu- 
ally used and time is wasted loading the unused 
classes. 

[00031 Dynamic loadh* of indMdual classes is part 
of a Java enabled environment whereby a small applica- 
tion or applet is dynamically sent from server tocfierton 
request The applet comprises a number of Java 
classes needed tor the execution of the applet and a set 
of classes may be loaded in a container called a Jar or 
an individual class rmy be loaded. In this way the Java 
envirorment is saves memory by only loading the 
classes it needs to run the application or applet TUne is 

also saved as only the classes that are needed are 
loaded. However, speed of operation of the Java envi- 
ronment is critical and a major drawback of using the 
Java language 

SUMMARY OF THE INVENTION 

[0004] According to one aspect of the invention 
there is proved a method of processing a daw 
a computer system comprising: identifying independent 
parts within the dass; creating separate components tor 
each separable part of the class; and storing the com- 
ponents so that each component of the dass is indivkf- 
uafly identifiable and accessible. 
[0005] In this way the granularity of loading is 
increased within the classes with only the components 
needed within the class being loaded and used. This 
leads to an increased speed of operation and a reduc- 
tion in the memory needed. 

[00061 The separable parts of the class identified 
are the dass meta data part and the methods part 
AHhoutfi the CtassFle is a serialised sequence of byte 
code, the meta data part and method byte code parts 
are contiguous and not combined allowing separation 



and extraction from the ClassFile. 
[0007] In the case where a method requires other 
methods in the class tor its operation the meta data 
component contains information indicating which meth- 

5 ode are dependent and should loaded together. This 
alows the method loader to be more effldert in the 
loading of the individual methods whereas, if each 
method was loaded only when referenced, the speed of 
operation of the system would be reduced. 

io [0008] According to another aspect of the invention 
there is provided a method implementing an object ori- 
ented program language on a computer comprising: 
identifying a dass which Is not within the program 
domain; and introdudng to the program domain only the 

13 minimum conrponents of the dass which are necessary 
tor commencing processing of the dass. The program 
domain is the environment in which the program runs 
and to this entoodiment it Is a Java Virtual Machine 
•JVM". The object oriented language ie the Java pro- 

20 gramming language which is loaded into the JVM as 
classes and is processed by interpreting the bytes 
codes. 

[0009] Advantageously the method further com- 
prises identifying a separable meta data component 

25 and separable method components of the class and 
introducing the meta data component and only the min- 
imum nurrfcer of method components to the program 
domain. The meta data component may itself be sepa- 
rated into further components to further increase the 

so level of granularity. 

[Ooio] Furthermore the method firther comprising 
setting a field in the program domain to indicate that 
method byte code for that method has not been down- 
loaded to the dient This field points at a mechanism for 

35 loading the component of method byte code. 

[0011] Classes are packaged into ClassFiles for 
d i stributio n and contain components of execution code 
called methods that may or may not be used Airing the 
execution of a program. Due to the over supply of meth- 

40 ods such classes are bulky in terms of byte code; this is 
a major factor I n the transfer * me from the server to the 
client Due to the number of applet transfers that take 
place ever the Internet at present and the expanding 
number of Java applications envisaged in the future it 

45 would be desir*le to reduce the transfer time tor Java 
applications and applets. 

[0012] Use of skeletal Java classes is known in the 
design of remote applications. However this skeletal 
dass contains only basic metadata inctucfing visual 

so information and other data needed tor designing an 
applet No method data is included in this skeletal dass 
as the skeletal class Is not intended to be executed. 
[0013] The class metadata comprises a dass 
description component a method table and a constant 

55 pool. 

[0014] Despite Java's compact representation, the 
dasses distributed are often numerous and large. Much 
of the bulk of a class is made up of the methods them- 
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selves. Often, many of the methods downloaded are 
never used on any given occasion. This invention pro- 
poses the distribution of dass data at a method level of 
granularity. This results In the following scenario: 

1) A cfient proparn reqiires the use of a remote 



2) A skeleton definition of the class Is sent to the cli- 
ent State metadata and constant pool information 
is downloaded at this point together with any 
method identified as always needing to be down- 
loaded. 

3) When a method is actually referenced, lazy veri- 
fication also triggers the downloading of that frag- 
ment of the class fla Only those methods actually 
referenced are transferred. 
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Figure 2 is a representation of the relationship 
between the byte code of the class sent over the 
network, the class as it exists in the cfient after load- 
ing from the server and dass as it exists on the 
server; 

Rgure 3 shows steps taken in loading a dass ffle or 
a skeletal dass fie; 

Rgure 4 shows the process of loading a method for 
interpretation used by the present invention. 
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[0016] As a result of this invention the following is 
achieved: reduced network stress as a result of the 
recfcjced data flows; reduced base memory require- 
ments of the Java application improved dient perform- 
anceas a result of the above; and irvproved dient 
performance as a result of a more incremental down- 
load. 

100101 The Java dass loader is modified so that 
only the minimum amount of dass metadata is down- 
loaded initially The existing method reference opcode 
aremocffledsothatthe method code is downloaded at 
the time of first reference. Once the method is down- 
loaded, the opcode is replaced with its 'quick- counter- 
part If the method was previously downloaded by 
another reference, subsequent references are resolved 
using the existing mechanisms. 
[0017] The application proposes that the dasses 
should be loaded without their methods. The methods 
represent most of the bulk of the dass and are often 
never referenced. 

£001 q The lazy verification is extended to cause 
the downloading of individual methods as they are refer- 
enced. 

[OOiq Conponents of the dass which are no 
longer used by the application may be discarded to free 
UP the memory space, this is similar to garbage cofleo- 
tion of unused classes but on a finer grtviutar scale. One 
extreme way to discard unused components would be 
to discard all the methods not active on the Java stack, 
if the individual components were needed later they 
could be reloaded with ease. 

DESCRIPTION OF THE FIGURES 
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[0020] 



Figure 1 is a representation of the transformation of 
a Java application after Java conpilation and after 
processing by a method of the embocfiment; 
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P021] Referring to Figure 1 there is represented a 
Java source code applet xjava 10 . such souce code te 
typically written using an ecftor and then conpiled using 
a Java compiler or Javac to the object code or byte 
code. The byte code is represented as xctass 12 and 
y.dass 14 in Figure 1- The classes are self contained 
Pteowof program code <»mpri8ing metadata and meth- 
octe for each clasa Due to the nature of the class struc- 
ture, a dass may be copied and transferred only as a 
whote - A Post compilation process is appGed to the 
dasses in order to break down the self contained struc- 
ture of the classes and convert a self contained class 
into Incfviduaily accessible components of a class. 
These components mqy copied and cfstrtxjted individ- 
ually and not as a collection. In this entodiment the 
dass is broken down into a metadata conponent 16 
(x.meta) and individual method components 
xml jnelhod 18A . x.m2.method 16B and xmn.method 
18C etc. The original CJassFBe is also stored so that it 
mjjybe loaded if needed instead of the corrponents. 
P0221 Each individual accessUe conponent ie a 
part of the class that is separatta In this errtocf ment 
^f^l^J 6 ^ 0 <*«Vonem are the meta- 
data within the class and the individual methods How- 
ler it is feasWe that other separable parts of the dass 
may be made Incfviduaily accessible, for instance parts 
of the constant pool may be formed into individUafy 
accesswe parts. Other ways of breaking down a dass 
«eare pcsstrfe, for Instance one could yoip some 
^^^^ IT they were dependSrt ™ one 
another. This could be indicated in the dass metadata 
where the 'compulsory methods' for downloading were 
referenced. The classloader would check for 'conpuJ- 
sory methods' in the metadata when the dass was first 
loaded and load those methods referenced. 
I 0023 ! As part of the normal QassLoadng opera- 
tion, a dass is sent over a network in Hs entirety as a lin- 
ear sequence of bytes codes 20 forming a CtassFHe 
During dass loading the dient receives the linear 
sequence of bytes codes 20 and reconstructs the class 
structure. This structure is similar to what is seen in Fig. 
ure 2 showing the dass metadata and methods. From 
the dass metadata 16 is constructed a dass description 
table 22, a constant pod 24 and a method table 26 . The 
dass methods are represented by the byte code for 
method 1 and method Z The difference between typical 
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class loading and the class loading of the embodiment 
is that the byte code tor aU the methods is not necessar- 
ily loaded. In Rgure 2 the byte code of method 2 Is not 
loaded and the method 2 pointer In the method table 
points to a method invoker 28. 
[0024] The class description component comprises 
links far the constant pool and the method table. The 
constant pool defines constants used by the class. The 
method tifcle comprises the names d the methods 
used by the class and finks to the methods or method 
invokers for that method. A method invoker is a routine 
far dealing with a type off method, for instance a byte 
code method would have a method invoker for starting 
the JVM Interpreting the byte code method. A compiled 
method would have a JIT method invoker to execute the 
compiled code. A method that was not initially loaded as 
part of the minimum class requirement would haw© a 
method table pointer to a method toacfng invoker rou- 
tine. When the method is needed, a lookup on the 
method table would lead to a method loader call to load 
the method. The present embodiment usee a load 
method invoker (modified class loader) to retrieve the 
method component that has not been loaded onto the 
client. The modified class loader can then search for the 
location of the method component in a method compo- 
nent directory or. as indicated in figure 2, find the loca- 
tion in the method invoker itself. 
[0025] Whenahappletisdownloadedfromaserver 
to the client by the modffied class loader the process is 
as follows (see Figure 3). Initially a user or another 
application wil instigate the downloacfing of an applet, 
the fwrtet wffl comprise a number of classes and the 
modified class loader will be asked to load xxlass (step 
1). Instead of downloading the x.class in its entirety, the 
modified dass loader assumes that the class has been 
conponentised by the post compilation process and 
attenpts to download the xmeta component of the 
class (step 102) . If this is not successful the modified 
class loader then loads the xxlass in its entirety Just as 
atypical dass loader (step 104). If this is successful the 
xmeta component 18 is loaded Mo the dient and the 
description component 22, constant pool 24, method 
tifcle 26 and invoker cocrponents 28 set ip (step 105) 
as in Figure 2. The modified dass loader then sets the 
non-loaded method pointers in the method table to point 
at a method loader invoker 28 so that a non-loaded 
method is loaded immediately it is referenced. This is 
the quick method load and is normally instigated by an 
instruction which references a dass method. Referring 
now to Rgure 4, a 'noivquk*' method load operates as 
follows. 

[0026] A Java applet is being interpreted by the 
JVM and an instruction references a class method (step 
201). This method is looked up in the method table of 
the class (step 202). the class fie a at least the class 
metadata having already been downloaded from the 
server. The method table identifies the method loader 
routine is to be used (step 203). The method loader rou- 



tine looks tp the location of the method component from 
the class description (step 204) and downloads the 
component from the server to the cfient (step 205). Next 
the method component goes through the normal verifl- 

5 cation process as it would have done if the dass fie had 
been loaded in its entirety (step 206). The method 
invoker can now be set to point at the location of the 
byte code method in the dient rather than the method 
loader routine (step 207). The method byte code is wrtt- 

10 ten to the location pointed at by the InvokBr (step 208). 
Next time the method is referenced the JVM w» know 
that a quick method load can be made. The method 
load next re-executes the invoke method routine and the 
JVM interprets the method as per normal (step 209). 

13 [0027] In summary there is described a method 
relating to the loading of Java ClassFles on to a Java 
Virtual Machine. On a regular JVM ClassFHes are 
loaded as and when required. In this specification there 
» described a method of implementing an object ori- 

20 ented program language such as Java on a computer. 
The method comprises identifying a dass. one of the 
basic building blocks of the language, which is not within 
the proyam domain, that is not loaded into the Java Vir- 
tual Machine. Next it introduces to the program domain 

25 only the minimum components of the dass which are 
necessary for commendng processing of the class. The 
dass may comprise several blocks of data representing 
the methods of the dass. since the dass may only have 
been identified because one of the methods within the 

so dass was referenced then only the block of data repre- 
senting this method is loaded into the Java Virtual 
Machine along with the other essential components of 
the class. Other blocks of data representing methods 
can be loaded as and when required by the program- 
as rring domain. Redundant method components may be 
removed from the program domain to save memory. 

Claims 

40 1. A method of processing a dass file on a compu- 
ter system comprising: 

identifying independent parts within the class; 
creating separate components for each sepa- 
45 rable part of the dass; and 

storing the components so that each compo- 
nent of the class is individually identifiable and 
accessible. 

so 2. A method as daimed in claim 1 wherein the inde- 
pendent parts of the class identified are the dass 
metadata and the methods. 

3l A method as claimed in claim 1 or 2 wherein the 
56 metadata component contains information indicat- 
ing which methods are dependent and should 
loaded together. 
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4. A method as claimed in claim 1, 2 or 3 wherein 
the processing is performed on Java byte code 
ClassRIe. 

5. A method inptementing an object oriented pro- s 
gram language on a computer comprising: 

identifying a class which is not within the pro- 
gram domain; and 

introducing to the program domain only the to 
minimum components of the class which are 
necessary tor commencing processing of the 
class. 

6. A method as claimed in claim 5 further compris- is 
ing identifying a separable meta data component 
and separable method components of the dass 
and introducing the meta data component and only 

the minimum number of method components to the 
program domain. 20 

7. A method as claimed in claim 5 or 6 further com- 
prising setting a field in the program domain to incfi- 
cate that method byte code for frat method has not 
been downloaded to the cOent 25 

8. A method as claimed in claim 7 wherein the field 
points at a mechanism for loading the component of 
method byte code. 

30 

means for creating separate conponents for 
each separable part of the class; and 

means for storing the conponents so that each 
component of the class is individually identifia- 35 
We and assessibla 

1 a A computer program product stored on a com- 
puter readable storage medium, for executing com- 
puter program instructions to carry out the step, of 40 
a method as claimed in claim 1. 
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ClassLoader is asked to load 
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Figure 3 



8 



J / • 



EP0 996059 A2 



Instruction references class method 
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Lookup method in method table 
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Method laoder routine referenced by method table 
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